A total of 35 stool samples were collected in the Central Health Laboratory of Babylon Province from patients presenting invasive cholera disease from November 2017 to December 2018. The results revealed that all suspected stool samples showed positive isolation (100%) to Vibrio cholera species.
INTRODUCTION
Vibrio cholerae is oxidase-positive, Gram-negative curved bacilli that are motile due to the presence of polar flagellum.They are non-capsulated, non-spore-forming, and they can grow under aerobic or anaerobic conditions (1) . V. cholera is widely distributed in aquatic environments such as estuarine, freshwater and marine. In addition, V. cholera has been associated with outbreaks of the most feared epidemic diarrheal disease, called cholera (2, 3) . Cholera is a severe diarrheal illness which transmitted by contaminated water and food (4) . This disease is responsible for sporadic epidemic cases, and seven pandemics have been reported that resulted in thousands of deaths and major changes in socio-economic situations worldwide (5, 6) .
Accordingly, these outbreaks indicate that cholera is still among the most prevalent human diseases, especially in developing countries (7) . The developing countries facilitate cholera spread duo to the presence of poverty, poor sanitation and lacking of safe drinking water (8) . Similarly, cholera is widespread in countries that are in exposure to war disasters (such as Iraq), where these countries associated with excess ive movement of populations/refugees into overcrowded locations that characterized by poor clean water supply and sanitation (9, 10) . Regarding variations in structure of O-antigen, there are over 200 serogroups of V. cholerae, where only O1 and O139 were found to be associated with pandemic, endemic and epidemic cholera (11) . In addition to these serogroups, non-O1/non-O139 strains were reported from several countries as a causative agent for sporadic outbreaks of diarrhea, cholera-like disease (3) . With regard to phenotypic features and the presence of O antigens in V. choleraeO1, there are two distinct biotypes, called classic and El Tor, and three serotypes for each biotype, called Ogawa, Inaba, and Hikojima (12) .
The pathogenesis of cholera is relying on production of several virulence factors, the most virulence factors implicated with virulence of V. cholerae are Cholerae Toxin (enterotoxin) and Toxin-Coregulated Pilus (colonization factor), which are encoded by the ctxand tcpgenes, respectively (13) . Moreover, V. cholera has additional genes that involved in its pathogenesis and environmental survival such as accessory colonization factor (acf), the heat-stable enterotoxin (stn/sto), accessory colonization enterotoxin (ace), zonula occludens toxin (zot), repeats in Toxin (rtx), hemagglutination/protease (hap; mucinase), neuraminidase (nanH), the core-encoded pilus (cep), Hemolysin (hlyA) and mannose-sensitive hemaglutinin (MSHA) pilus (14) (15) (16) . The expression of these genes is coordinately downregulated by several regulation genes such as toxR, toxT and tcpP (17) . However, the presence or absence of these genes consider as an important indicator for understanding the extend of pathogenicity in V. cholera (3) . Investigation of these genes by DNA-based methods (such as genotypic methods) provides great importance in adaptation of control strategies to hold the spread of cholera outbreak. Genotypic methods help in identification of relatedness, differences and diversity exist among V. cholerae strains of the same species.
Also, genotypic methods has important role in phylogeny understanding, monitoring spread and transmission of disease, determination of new subtypes and detection the original source of infection (18) (19) (20) .
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MATERIALS AND METHODS
A thirty-five stool samples were obtained from patients suspected with cholera disease in the Central Health Laboratory of Babylon province through the period from November 2017 to December 2018. The suspected stool samples were transported to the Central Health Laboratory of Babylon province from different hospitals in Babylon province by using Cary Blair medium. After recording of patient information, the obtained stool samples were cultured on Alkaline peptone water (APW) to enrich V. cholera and then isolated on selective and non-selective media for further identification processes (21) . V. cholerae pathogens were identified by conventional cultural methods, Gram stain, biochemical tests, diagnostic kits (API 20 E Kit and VITEK 2 Compact System), biotyping (Blood hemolysis, Polymyxin-B sensitivity, and Voges-Proskauer test) and serotyping according to Kay et al., (22) and kit manufacturer's instructions. Then, the confirmatory identification was done by using PCR methods.
Molecular methods:
DNA extraction
Genomic DNA of studied V. cholerae strains was extracted by using Genomic DNA purification kit supplied from Geneaid company, UK.
Primer design
The oligonucleotide primers used in this study were obtained from previous studies, as shown in 
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Touchdown-Multiplex PCR for identification of V. cholera sero groups (O1, O139, Non-O1/Non-O139)
Based on previous Touchdown-Multiplex PCR assay provided by Bhumiratana et al., (26) , new modified Touchdown-Multiplex PCR method was optimized to identify V. cholera sero groups (O1, O139, Nag). This Table ( 2). Temperature should decrease 1°C each cycle.
Multiplex PCR for identification of V. cholera bio types (Classic and El Tor)
This assay is rapid Multiplex PCR modified from previous study by Rivera et al., (25) 
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Molecular identification of Vibrio cholerae serogroups by multiplex PCR
In this study, new Touchdown-Multiplex PCR method was optimized to identify Vibrio choleraeserogroups (O1, O139, Nag). This method depended on ompW, O1 and O139-specific primers that produced 304bp, 364bp and 256bp PCR amplicons, respectively. The results of this study showed only O1
and Non-O1 serogroups, where there are no PCR amplicon (256bp) detected as specific amplicon for O139 serogroup as shown in figure (1) . This method confirmed the results that detected V. cholerae serogroups by using serological diagnosis methods. The results of this study revealed that El Tor biotype, O1 serogroup and Inaba serotype were the predominant type of V. cholerae classification in Babylon province. These results were in agreement with other studies in Babylon and other Provinces of Iraq (28) (29) (30) (31) (32) , while these results were in disagreement with other studies inside Babylon Province (33) or in all Iraqi Provinces (34) who documented that V. choleraeEl Tor O1 Ogawa was the most common cause of cholera in Babylon and Iraq during the years 1998 and 1999 rather than V. choleraeEl Tor O1 Inaba. The differences and similarities in this study with others could be related with climatechange during the past years in Iraq, where Constantin de Magny& Colwell (35) mentioned that climate and environmental changes may result in modification of the population size of V.
©Annals of Tropical Medicine & Public Health S229
cholerae in the environment and will influence the emergence of cholera disease in human populations.
Meanwhile, the quality and availability of drinking water can be changed in unstructured conditions, such as war situation (36) , so the environment may have converted to be more suitable for V. choleraeEl Tor O1 Inaba in contrast to V. choleraeEl Tor O1 Ogawa.
Also, another study by Siriphapet al., (37) was in disagreement with the result of this study, where they reported that the classical biotype causing cholera outbreaks in Thailand as predominant biotype. The predominance of El Tor biotype in Iraq could be related to fact that El Tor biotype known to tolerate a wider range of environmental conditions and also is thought to persist longer in the harsh environment better than the classical biotype, for that reason El Tor O1 biotype has now virtually displaced the classical biotype
completely throughout the world (12, 38, 39) .In this study, very clear confirmation was noted between the conventional and molecular identification results of V. cholerae. This confirmation was noted also in other studies (40, 41) , where they indicated that molecular identification supports phenotypic identification during the outbreak investigations. Molecular identification of V. cholerae serogroups and biotypes has become an essential requirement to confirm the results of phenotypic identification of the pathogen and to assist in obtaining more rapid results with efficient epidemiological investigations (42) .
The species-specific identification of V. choleraestrains depend on an outer membrane protein (OmpW) encoding gene ompW. The presence of this genein V. choleraestrains is related to the fact that its nucleotide sequence remained practically unchanged among the different strains of V. cholerae and considered as a highly suitable genetic marker for this organism (23) . For that reason, ompW-specific primer used in uniplex and multiplex PCR methods of this study with 304bp amplicon, these results were in disagreement with Mehrabadiet al., (43) who used 588bp PCR amplicon of ompWto differentiate between V.
cholerae and other Gram-negative bacteria. In contrast to other studies (24, 26) , who designed PCR-based methods to identify V. cholerae serogroups and V. cholerae biotypes; this study designed new multiplex PCR methods to identify V. cholerae serogroups and V. cholerae biotypes. These methods provide more rapid, accurate, cost effective, highly specific and sensitive assays to identify V. cholerae serogroups and V.
cholerae biotypes.
Genotyping
At a molecular level, genotyping of Vibrio choleraeisolates was carried out to characterize the genotypic traits by using new quadruplex PCR assay targeting the main toxin-related genes (ctxA, zot, rtxAandstn/ato). Moreover, this assay was optimized to identify these genes simultaneously by using specific primers producing different PCR products, 302bp amplicon encoding cholera toxin gene ctxA, 947bp amplicon encoding Zonula occludens toxin gene zot, 418bp amplicon encoding RTX toxin (repeat-in-toxin) gene rtxA and 172bp amplicon encoding the heat-stable enterotoxingene stn/stoas shown in figure (3 According results of this study, there are three different genotypes for Vibrio cholerae isolates (Inaba, Ogawa and NAG). In more detail, ctxA, zot, rtxA genes were detected in all Vibrio cholerae O1 Inaba serotype, while stn/stogene was absent. This result was supported with other studies such as (44=46) , who noted the presence of ctxA, zot, rtxA genes in Vibrio cholerae O1 Inaba serotype, and the study that done by Hasan et al., (47) also reported the absent of stn/stogene in Vibrio cholerae O1 Inaba serotype.
In contrast to Inaba serotype, all studied virulence-related genes (ctxA, zot, rtxAandstn/sto) were carried by Vibrio cholerae O1 Ogawa serotype. Pourshafieet al., (48) and Khaleelet al., (49) agreed with this result and reported thatctxAand zot genes were present in Vibrio cholerae O1 Ogawa serotype regarding cholera outbreak occurred in Iran and Iraq. Meanwhile, Siriphapet al., (37) documented the presence of rtxAgene in Ogawa serotype, while Hasan et al., (47) and Mallard &Desmarchelieret al., (50) disagreed with our study result when they reported lacking of stn/stogene among all Vibrio cholerae O1 Ogawa serotype strains.
Interestingly, this study reported that V. cholerae Non-O1/Non139 NAG strains carried only rtxAandstn/stogenes of the four studied virulence-related genes. This result was very close to another study by Schirmeisteret al., (51) who noted lacking ctxAand zot genes and the presence of rtxAgene with 44.4%
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positivity. In addition, other authors (25, 52, 53) noted the presence of stn/sto gene among V. cholerae Non-O1/Non139 NAG strains but with low percentages 12.7%, 28.2%, 31.4%, respectively. The correspondence of this findings with or without other studies may be related to several causes such as type of genotypic assays used in study, size of cholera outbreak in these countries and the different environmental location for the studied strains.
All studied genes in this study represent useful markers to detect pathogenicity of V. cholerae strains. ctxAencoding cholera toxin that is an essential virulence property of epidemic strains of Vibrio cholerae, where this toxin causes severe diarrhea. This gene is a part of CTX genetic element, which is major Vibrio pathogenicity cluster contains the genes of the cholera toxin, ctxAB, the zonular occludens toxin (zot), accessory colonization enterotoxin (ace) and other virulence factors (54, 55) . Zot also have important role in toxigenic V. cholerae, where this toxin disturbs permeability of small-intestinal mucosa through a protein kinase C-mediated actin polymerization (56) . Moreover, repeats-in-toxin A toxin (rtxA) is a part of RTX genetic cluster and play vital role in virulence of V. choleraestrains as a cytotoxin, while sto/stn gene encoding heat-stable enterotoxin which is a causative agent for moderate diarrhea (57, 58) .
CONCLUSION
Detection of these virulence factors provide very important information regarding toxogenicity and pathogenicity for type of V. cholerae strain that caused cholera outbreak. However, this information could contribute to develop new methods of treatment and diagnosis of cholera disease.
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